Docetaxel constitutes a widely used chemotherapeutic agent as a first-line treatment for several neoplastic diseases. One of the most common side effects induced by this drug is polyneuropathy, which among other symptoms can cause gait disbalance. However, in exceptional cases gait disturbances could be related to docetaxel-induced hydrocephalus, a rare event that up to the present has been overseen throughout the medical literature and should be meticulously differentiated from polyneuropathy, since its clinical features, treatment, and prognosis differ drastically. We present the case of a woman with a progressive gait disturbance that started immediately after having been treated with docetaxel for breast cancer resembling the same clinical characteristics as seen in patients affected by normal pressure hydrocephalus. The symptoms had been observed for about 2 years as having been caused only by polyneuropathy, given the high incidence of this side effect and the accompanying numbness of distal extremities. However, brain MRI evidenced a marked enlargement of the ventricular system. Brain metastases as well as carcinomatous meningitis were ruled out. After having placed a ventriculoperitoneal shunt, the patient showed a rapid, longlasting and outstanding improvement of gait performance. We discuss the coexistence, in this case, of taxane-associated hydrocephalus and polyneuropathy and describe the clinical features, assessment and surgical outcome of docetaxel-induced hydrocephalus, since its early recognition and differentiation from the highly frequent taxane-associated polyneuropathy has relevant consequences for the management and treatment of these patients.
Introduction
Docetaxel constitutes one of the standard chemotherapeutic agents used in newly diagnosed breast cancer [1] . Although nervous system toxicity is one of the most common adverse effects described for this drug, affecting about 20-58% of patients, the far most common expression of this toxicity is polyneuropathy, which can be severe in up to 6% of cases [2] . The occurrence of hydrocephalus in patients receiving taxanes, like docetaxel or paclitaxel, constitutes an extreme uncommon feature and clinical presentation, prognosis, and response to shunting techniques have not been systematically studied in the literature up to the present. To our knowledge, there are no reports in peer review journals about this rare complication of docetaxel therapy. We present the case of a patient with progressive gait disturbances after having been treated with docetaxel for breast cancer and whose symptomatology had been misinterpreted and linked only to taxane-associated polyneuropathy. Brain MRI scans revealed, however, a marked hydrocephalus. After having ruled out meningeal spread, the patient was treated with a ventriculoperitoneal shunt, experiencing a clear and long-lasting improvement of gait performance after surgery. We discuss the clinical features of this case and provide recommendations regarding assessment, differential diagnosis, and treatment of this rare side effect of docetaxel.
Case Report
A 64-year-old woman presented due to chronic progressive gait disturbances that had started approximately 1 month after concluding a 4-cycle docetaxel-based chemotherapy for breast cancer 2 years ago. Prior to chemotherapy, the patient was able to walk normally. Almost at the same time, the patient reported to have started with a light numbness of the extremities, accentuated distally, a symptom that had remained stable during those 2 years.
She did not complain about other neurological symptoms like headache, dizziness, speech, attention or concentration difficulties, memory or sight loss, abnormal movements or bladder/bowel disturbances. The patient was regularly followed by her oncologist and up to the present there had been no evidence of cancer relapse.
In the first instance, the gait disorder was assumed to be due a docetaxel-induced polyneuropathy, given the high frequency of this side effect associated with the treatment with this drug and the accompanying extremity numbness [3] . Electrophysiological studies were performed later on and, although inconclusive, confirmed the presence of polyneuropathy. However, despite the clinical stability of the sensory deficits, the patient had experienced a continuous and dramatic progression of her gait disturbance and was therefore referred to a neurologist.
At the moment of consultation, the patient presented a gait disorder characterized by small steps, rotation instability, and an increment in sustentation base. The Romberg test was negative, although there was objectively a light impairment of deep and superficial sensory input in both feet and hands. The patient had otherwise normal cranial nerve function and deep muscular reflexes, there were no signs of pyramidal tract affection, and urinary or bowel sphincter function was retained. There was no evidence of tremor, freezing or cogwheel phenomenon. Regarding cognitive performance, Mini-Mental State Examination and verbal fluency tests revealed normal scores.
Brain MRI revealed a marked hydrocephalus with a dramatic enlargement of the supraand infratentorial ventricular system and no cortical atrophy (Fig. 1) . Furthermore, there was no evidence of malignant brain or meningeal seed.
We decided to perform a lumbar puncture to drain 30 mL of cerebrospinal fluid (CSF) and gait performance was assessed prior and 24 h after the puncture. A 10-m walking test revealed a clear reduction in the number of steps as well as time required to complete the task between the pre-and post-puncture measures. Additionally, the patient reduced the number of steps needed for a 360° rotation after puncture ( Table 1) . Cytology of CSF was otherwise inconspicuous.
Based on these results, we decided to place a ventriculoperitoneal shunt. The surgery was performed following a standard technique using a pro-GAV ® system with an adjustable valve (labeled at 8 cm H2O) and a gravitational component fixed at 20 cm H2O. The patient recovered successfully from the surgery and did not experience postoperative complications. Improvement on gait performance observed after CSF drainage remained stable immediately after surgery and during the follow-up (at the moment 38 months), despite the unchanged numbness of arms and legs.
Discussion
Hydrocephalus represents an extremely rare event after treatment with taxanes and there is a lack of reports in the medical literature regarding clinical presentation, assessment, differential diagnosis and outcome after surgery. According to our online search, of about 13,223 patients reported by the Food and Drug Administration (FDA) to have experienced severe side effects after receiving docetaxel, only 20 (0.15%) cases of hydrocephalus have been recorded [4] . Hydrocephalus is even rarer after treatment with the other widely used taxane, paclitaxel. Up to the present, there have only been 4 cases of hydrocephalus in patients receiving paclitaxel reported by the FDA according to online databases (comprising 0.02% of among 14,615 adverse effect reports) [5] .
On the other hand, polyneuropathy constitutes the most common side effect following treatment with taxanes [2] . Since both polyneuropathy and hydrocephalus can lead to gait disturbances, the awareness and differential diagnosis becomes of high relevance, since the treatment and prognosis of both side effects differ significantly [3] . While polyneuropathy may be refractory to therapy [3] , patients with hydrocephalus can clearly benefit from a ventriculoperitoneal shunt. In our patient, the gait disorder observed did not resemble a typical steppage polyneuropathic gait, but it was rather characterized by small steps and enlarged sustentation base and rotational difficulties, all features observed classically in patients with normal pressure hydrocephalus (NPH) [6, 7] . Furthermore, although typical polyneuropathic sensory deficits in our patient had remained stable, NPH-like gait disbalance had followed a continuous progression which clearly recovered after shunting. These facts not only support the relationship between gait disturbance and hydrocephalus, but also stress the importance of a meticulous neurological examination in order to differentiate these entities, which can be overlapping, such as in the case we present.
Once the suspicion of hydrocephalus exist, MRI is mandatory to confirm the diagnosis and rule out other causes of gate disturbances, such as brain metastasis or paraneoplastic cerebellar degeneration [8] [9] [10] [11] . If hydrocephalus is observed, carcinomatous meningitis must be excluded through contrast T1-weighted images and cytological examination of the CSF [12] .
Our patient showed a clear and rapid improvement in gait performance after draining 30 mL of CSF through a lumbar puncture, similar to what occurs in patients with NPH and these benefits correlated with postsurgical outcomes. From this experience, we suggest that this method seems to be sufficient and safe in patients with docetaxel-induced hydrocephalus showing symptoms resembling NPH to assess whether the patient will respond or not to ventriculoperitoneal shunting [13] .
Placement of a ventriculoperitoneal shunt led to a permanent improvement of gait performance which remained stable across years. The outcomes obtained provide evidence that, despite the superposition with polyneuropathy, NPH-like gait disturbance associated with docetaxel-induced hydrocephalus may have a favorable prognosis after CSF shunting.
It is true that the extremely low rate of hydrocephalus in patients treated with taxanes, added to the frequent use of these drugs in combination with other agents, makes a definitive pathophysiological linkage between the treatment with taxanes and the development of hydrocephalus difficult to establish. However, the development of hydrocephalus during or immediately after taxane-based chemotherapy, like in our patient, makes the relationship highly suspicious. The microtubule dysfunction induced by taxanes, destined to impair the mitotic spindle of neoplastic cells, is well known to affect microtubules of ciliated epithelia and therefore its function of removing and clearing particles and fluid over the epithelial surface [14, 15] . It is possible that an impairment of ependymal cilia could lead in exceptional cases to a disruption of CSF clearance and circulation, predisposing to the development of hydrocephalus in a very small group of patients. In the case we present, a well-documented symptom of NPH such as progressive gait disturbance precisely after concluding a docetaxel-based therapy, in an otherwise previously neurologically healthy patient, makes the assumption of a drug-induced hydrocephalus highly probable.
Conclusions
We present the rare case of hydrocephalus developed after a docetaxel-based chemotherapy for breast cancer. Although exceptional, this side effect should be ruled out in patients who have received docetaxel and present gait disturbances, before assuming the cause only related to polyneuropathy, since the misinterpretation of symptoms can lead to a delay in diagnosis and surgical treatment. In this regard, a meticulous neurologic examination added to a high level of suspicion is needed to avoid overseeing this complication. Brain MRI is mandatory to confirm the diagnosis as well as to rule out other causes of neurological deterioration in these patients. As with NPH patients, drainage of CSF through a lumbar puncture constitutes in our single-case experience a safe and effective method to evaluate the possible response to ventriculoperitoneal shunt. Furthermore, shunt of CSF seems to be effective in reverse gait disturbances and to provide permanent symptomatic relief.
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